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Vector control has been at the core of successful malaria control. However, a dearth of field-oriented vector biol-
ogists threatens to undermine global reductions in malaria burden. Skilled cadres are needed to manage insecti-
cide resistance, to maintain coverage with current interventions, to develop new paradigms for tackling ‘residual’
transmission and to target interventions as transmission becomes increasingly heterogeneous. Recognising this
human resource crisis, in September 2013,WHO Global Malaria Programme issued guidance for capacity building
in entomology and vector control, including recommendations for countries and implementing partners.
Ministries were urged to develop long-range strategic plans for building human resources for public health ento-
mology and vector control (including skills in epidemiology, geographic information systems, operational
research and programmemanagement) and to set in place the requisite professional posts and career opportun-
ities. Capacity building and national ownership in all partner projects and a clear exit strategy to sustain human
and technical resources after project completion were emphasised. Implementing partners were urged to sup-
port global and regional efforts to enhance public health entomology capacity. While the challenges inherent in
such capacity building are great, so too are the opportunities to establish the next generation of public health
entomologists that will enable programmes to continue on the path to malaria elimination.
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Introduction
Malaria control is at a critical juncture. Progress in global malaria
control over the past decade was largely attained through rapid
scale-up of vector control as well as diagnosis and treatment
with effective combination therapy. The wide-scale deployment
of long lasting insecticidal nets (LLINs) and indoor residual spray-
ing (IRS) alone accounted for.60% of the total estimated US$2.5
billion of international and domestic funding for malaria control.
Significant results were achieved. According to WHO World
Malaria Report 2013, between 2000 and 2012, estimated global
malaria mortality fell by 45% in all age groups and by 51% in chil-
dren under 5 years. Nevertheless, between 2011 and 2012, the
pace of decrease in estimated malaria mortality slowed.1 It is evi-
dent that malaria elimination in many settings might not be
achieved, nor even current gains sustained, without adapting to
the changing threats to and opportunities for reducing transmis-
sion. Given the critical role of vector control and the magnitude of
investments in vector control commodities and their deployment,
surprisingly little has been done to build the local infrastructure
and skills needed to sustain coverage, monitor impact and
improve the efficiency of these interventions. Development of
an adequate cadre of individuals with entomological skills and
the corresponding infrastructure to support their activities has
been especially neglected. Insectaries and entomological labora-
tories are often run-down or absent. Collaboration between
national malaria control programmes (NMCP) and national uni-
versities and training institutions is often weak. Entomologists
have few opportunities for training and generally poor prospects
for employment once trained.2 Yet the future is promising: new
opportunities exist to expand the role of those involved in vector
control to perform as public health entomologists and contribute
towards malaria elimination.
Enhance entomological capacity to eliminate
malaria
In September 2013, WHO issued guidance to countries and
partners on the need to build capacity in entomology and vector
control, recognising that global malaria control efforts are enter-
ing a new era that requires improved entomological surveillance
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for more efficient and well-monitored vector control investments.
NMCPs are required to adapt to the emerging threat of insecticide
resistance,3 to outdoor and early vector biting4 and to shifting
transmission patterns brought about through changing ecologies
owing to such factors as deforestation, agricultural and infrastruc-
tural development, and urbanisation. Programmes need more
robust surveillance and a well-defined implementation research
agenda in order to ensure cost-effective use of resources as
they move from control towards elimination.5–7 This will require
specific training in programme management, surveillance and
epidemiology, in addition to vector biology and entomology.
Entomological surveillance and a clear understanding of local
transmission ecology are central to reducing transmission recep-
tivity and preventing re-establishment of malaria where it has
been eliminated.8 Challenges presented by residual transmission
of malaria by vector populations not targeted by LLINs and IRS,
such as early morning, early evening or outdoor biters, may be
considerable.6,9 Indeed, the contexts of malaria vector control
and the role of the vector biologist are changing, reflecting innov-
ation in tools both for control interventions and entomological
monitoring, including use of mobile technologies, communica-
tions, information management, climate data and mapping for
gaining greater efficiencies. Investment in entomological moni-
toring and surveillance makes good business sense. In this era
of increasing insecticide resistance and concerns for sustained
funding, programmes must build capacities to select and apply
the right vector control methods at the right times and in the
right places.
Develop infrastructure to generate
evidence base
Basic entomological laboratories are needed to support mosquito
collection, rearing, morphological identification and bioassays. At
the national level, there is a minimum requirement for an insect-
ary to maintain an insecticide-susceptible Anopheles colony for
use in IRS and LLIN bioefficacy evaluations and as a reference
for insecticide resistance assays. An entomological reference
laboratory supporting molecular identification of vector species
is important where morphologically identical sibling species may
be sympatric and can provide valuable information on resistance
mechanisms, sporozoite rates and blood meal composition.
These facilities require specific equipment, supplies and expertise
to remain functional; this may best be handled on a centra-
lised basis.
However, such facilities are seldom established and managed
by NMCPs. In some countries these facilities exist in national uni-
versities or research and training institutes.10 In such cases, it may
be possible for the NMCP to initiate a contractual arrangement for
the provision of insectary or reference laboratory services, but they
must be aware that the priorities of a research institute may be
upstream research rather than routine entomological monitoring
and surveillance. As such, these agreements should serve as an
interim solution while NMCPs develop the necessary insectary
and laboratory capacity within the programme instead of having
to rely on other institutions.
Vector control programmes also need capacity for basic imple-
mentation research to examine the local situation in terms of the
entomological and epidemiological impact of interventions, the
impact of insecticide resistance, the optimal timing and frequency
of IRS applications, and the potential contribution of residual
transmission of malaria.6 Co-ordination with national and,
where needed, external universities or research institutions is
crucial; the NMCP should work with these partners to develop a
research agenda to respond to programme needs. This active
involvement of the NMCP in co-ordination and implementation
of the research will promote data sharing (and circumvent the
withholding of data for publication purposes) and make timely
use of information to support policy and procurement decisions.
Leverage new technologies and skills to enable
adaptability
In the past, an understanding of geographical and ecological fac-
tors was central to developing strategies to reduce malaria trans-
mission.11 Known as ‘species sanitation,’ this required precise
identification of the vectors and knowledge of their ecological
requirements in order to modify the environment and eliminate
their role in malaria transmission. While our modern-day
approaches include LLINs and IRS, a fundamental understanding
of ecology remains essential, especially in heterogeneous and
changing environments. It is clear that NMCPs cannot sustain a
one-size-fits-all approach to vector control. In the move towards
elimination, it becomes critically important that resources are tar-
geted effectively.12
Opportunities exist to refine strategies based on mobile com-
munication technologies and geographic information systems.
Data that 20 years ago were being entered by hand and pro-
cessed on main-frame computers can now be largely collected,
collated and analysed via a smart phone and a laptop. Rapid diag-
nostic tests for malaria have introduced a new dimension in mon-
itoring malaria in real time; the rural health centre is now a source
of critical information that can be accessed frequently and
expressed in terms of case incidence rate.12,13 Many mosquito
abatement programmes in developed countries, as well as
some NMCPs, have established simple and robust information
management andmapping tools that incorporate both epidemio-
logical and entomological data.
Such systems can effectively pinpoint foci where transmission
is occurring and enable the NMCP to devise immediate and tar-
geted vector control interventions. In areas where transmission
is declining, this could help sustain the elimination process in
a cost-effective manner,14 but appropriately trained personnel
are required. Control programmes must take advantage of this
technology revolution and build capacity in skills and resources
to utilise surveillance data, including incorporation of costing
information and temporal-spatial analyses. Use of these tools
will ultimately lead to more cost-effective implementation and
greater sustainability of control interventions.
Train and mentor public health entomologists
for sustainability
Examples of ongoing initiatives to support entomological capacity
building of NMCPs and the research institutes that support their
activities are presented in Box 1. Along with training and mentor-
ing for national entomology and vector control services,15,16 it is
critical to provide career structures for these and other scientific
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personnel. Commonly, within a hierarchy dominated by the med-
ical profession, career opportunities and leadership positions for
the public health entomologist or vector biologist may be limited.
In medically-oriented institutions such as most ministries of
health, where career advancement is dependent on medical qua-
lifications rather than public health or biology qualifications, it can
be difficult to integrate career opportunities for scientists into the
system, but it can be done. Without a concerted effort to address
this issue, eager graduates wanting to pursue a career in vector-
borne diseases will continue to compare the life-long opportun-
ities of a public health control programme with that of research
institutions, and choose the latter. To obviate this, attractive car-
eer opportunities for public health biologists need to be devel-
oped. As employment will be in a Ministry of Health, which is
programmed to accommodate medical, technical and adminis-
trative personnel, some appropriate consideration must include
careers for scientific graduate personnel. This may even require
a revision of service conditions to create a civil service compatible
with scientists as well as medical personnel.17
While the public health entomologist needs to understand
much more than entomology, medical professionals should also
understand the basics of applied entomology, including the key
role played in the control of vector-borne diseases, with vector
control consistently forming the core of public health efforts
against malaria. In other words, the curative professions would
benefit from courses in public health entomology and its interface
with epidemiology and programme management as a central
component of their training. This multidisciplinary approach will
foster an appreciation of the respective contribution of, and
need for, both curative and public health cadres.
It is clear that public health entomologists are needed in min-
istries of health, and some countries have succeeded in establish-
ing effective public health programmes with scientists in
leadership positions. National programmes in Myanmar, South
Africa, Sudan and Zimbabwe have clearly defined cadres with dif-
ferent training and job descriptions, ranging from the national
senior entomologist, to entomologists at the state level, assistant
entomologists, and finally to the foundation of mosquito collec-
tors. Integrating epidemiology and data management skills into
such a structure may be feasible and attractive to NMCPs. Some
national programmes rotate staff responsibilities on a seasonal
basis in an attempt to maximise output from limited employees;
mosquito collectors or assistant entomologists may be focused
on entomological monitoring for only certain months of the
year, alternating perhaps as environmental health officers during
the remainder of the year. Whatever the exact civil service struc-
ture and retention schemes that operate in a country, as part of
an overall national capacity building plan there is a need to critic-
ally address the job descriptions and the career structures for
technicians, mid-level entomology and vector control staff and
national-level public health entomologists.
The recommendations provided byWHO include specific actions
to be undertaken at the national level with support fromWHO and
partners, to inventory and revise post descriptions, establish career
development opportunities and strengthen a system whereby a
young, newly-qualified technician or vector biologist will pursue a
career in a field in which their skills are so critically needed.
IncreaseWHO and partner support to countries
In the past, WHO played an important role in training entomolo-
gists and vector control experts to support thework of control pro-
grammes in disease-endemic countries. In the mid-20th century,
Box 1. Examples of entomological capacity-building opportunities
for national malaria and vector control programmes
African Network on Vector Resistance (ANVR): This network
supports member countries in the collection and publication of
information on insecticide resistance, prepares frameworks and
protocols for resistance surveillance and management and
provides an avenue for communication and mentoring. It has also
fostered collaboration between control programmes and research
institutes at national and international levels and has organised
training in entomology in many countries with the support of WHO.
The International Masters Degree in Entomology (IME):
Established in 2006 and jointly run by the Institute for Research and
Development (Benin), Montpellier University (France),
Abomey-Calavi University (Benin) and the Entomological Research
Centre of Cotonou (Benin), this course covers systematics, biology
and ecology of vectors of medical interest and the epidemiology
and control of vector-borne diseases. In its first 6 years, a total of
91 students from 24 countries graduated from this course;
38 graduates have since undertaken a PhD and 26 are nowworking
in national research institutions or in national vector control
programmes.
Master of Science (MSc) Degree in Medical Entomology and
Vector Control: Establishment of a regional MSc course in
entomology and vector control was supported by WHO Eastern
Mediterranean Regional Office in collaboration with the Blue Nile
Institute of Gezira University (Sudan), London School of Hygiene
and Tropical Medicine (UK), Liverpool School of Tropical Medicine
(UK) and Witwatersrand University (South Africa). Over 80 people
from 12 countries of the African and Eastern Mediterranean WHO
regions have been trained over the past 3 years. The course
curriculum was also adapted for national training efforts in Iran
and Pakistan.15
Training Module on Malaria Control: Entomology and Vector
Control: WHO published a core structure for the integrated vector
management (IVM) training curriculum in 201216 and a training
module on malaria entomology and vector control in 2013.15 The
latter was designed primarily to help health personnel involved in the
planning, implementing and evaluation of malaria vector control
activities but also for those responsible for training such personnel.
It reflects current vector control policies and guidelines.
Post-Graduate Degree Course in Public Health Entomology:
Organized by the Vector Control Research Centre (WHO
collaborating centre) affiliated to the Pondicherry University,
Pondicherry (India).
Six month Diploma Course in Applied Parasitology and
Entomology: Organized at the Institute of Medical Research (WHO
collaborating centre), Kuala Lumpur (Malaysia).
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WHO was the authoritative institution that helped harmonise
efforts across borders, provided technical advice upon request
and tracked diseases based on periodic reports from member
states. Their staff were also directly involved in supporting
countries in the implementation of vector control interventions,
including monitoring and evaluation. In 1982 WHO had 24 ento-
mologists in country offices, 7 across all 6 regional offices and 7 at
WHO headquarters. With those numbers, there was already con-
sidered to be a human resource crisis in the area of entomology
and vector control.18 However, there are currently only 16 PhD
entomologists across all ofWHO (7 inWHOheadquarters, 4 across
the regional offices and 5 across the country offices), and only 4 of
thesework solelyonmalaria vector control (3 inWHOheadquarters
and 1 in WHO Regional Office for Africa). With the current level of
investment in malaria vector control interventions, WHO’s human
capacity and structure is currently inadequate to support both its
key normative role as a source of strategic and policy guidance
and its ability to directly support the realisation of in-country imple-
mentation. WHO has embarked upon a broader process of reform
to better meet the expectations of its member states and partners
in addressing agreed global health priorities.
Today there are significantly more partners supporting malaria
control implementation than in the past. This is due at least in part
to the actions of the Roll Back Malaria Partnership. However, part-
ner focus has too often been on the implementation of short-term
projects rather than long-term programmatic development to
ensure sustainability. There is little emphasis on capacity
strengthening and preparation for hand-over of management
responsibility to national programmes at the conclusion of pro-
jects. Donor emphasis on capacity building and on its
co-ordination at the national level is essential, especially consid-
ering the changing landscape of malaria control towards elimin-
ation. Clear strategies and a long-term vision are needed for
building and sustaining a new generation of public health ento-
mologists and vector biologists, epidemiologists and administra-
tors to manage national activities long after the donor departs.
Supporting this long-term vision for sustained and effective
vector control is a concerted and co-ordinated effort to build a
network of training and mentoring opportunities for public health
entomologists and vector control specialists. Under the continued
leadership of WHO, key areas for partner support should include:
the development and revision of curricula and support for regional
courses that can be adapted for national training institutions;
identification and, where relevant, strengthening of the institu-
tions to host proposed regional training courses using revised cur-
ricula; and fellowships for both short- and long-term training of
prospective entomology professionals.
There is an obligation on the part of the partnerships to shoul-
der the responsibility, because without a competent and perman-
ent scientific base to the national programme, implementation
will be suboptimal. In the words of the public health advisor
Socrates Litsios, ‘To control malaria under current conditions
requires an international response, one that builds national public
health capacities capable of fully supporting local initiatives.’19
Conclusions
There is a critical need to enhance institutional, infrastructural and
human resources and to leverage partnerships for improved and
expanded entomological capacity to support optimised malaria
programming. This is crucial throughout all malaria control and
elimination phases in order to guide the most cost-effective
and locally-adaptive deployment of vector control resources.
Investments in human resources and systems are critically
needed to respond to the threats of insecticide resistance; to
improve efficiencies to maintain vector control coverage; to
develop innovative tools and strategies to address transmission
beyond traditional IRS and LLINs; and, to develop an evidence-
based, rational decision-making process to optimise the deploy-
ment of resources. There are opportunities not just for training,
but also for continued mentoring and the establishment of clear
job descriptions and career structures for cadres from the basic
technician and mosquito collector to the national vector control
programme manager.
Enhancing the potential for, and interest in, careers in vector
biology and control is essential. This can be done by expanding
the role of the traditional medical entomologist by augmenting
with knowledge in public health, programmemanagement, tech-
nology application especially geographic information systems and
data management, and providing a role in the design, deploy-
ment and monitoring of new interventions. The role must be
expanded from a medical to a public health entomologist, from
a technician to a leader, implementer and problem-solver, with
a broader range of technical andmanagement skills that can pro-
vide a fulfilling life-long career- and an essential contribution to
national health and development.
Recommendations
The guidance note issued by WHO in September 2013 contained
key recommendations on entomology and vector control capacity
building directed at countries and their partners.20
Malaria-endemic countries were encouraged to establish inter-
sectoral co-ordination mechanisms led by the Ministry of Health
to develop long-range strategic plans for building human
resources and systems for public health entomology and vector
control. This process should include collaboration between minis-
tries, universities and research institutions to conduct training
needs assessments and to develop multidisciplinary curricula
that incorporate subjects critical to effective vector control plan-
ning and implementation. Implementation research agendas
should be clearly defined to guide development of the requisite
technical capacity for surveillance and control activities.
Professional positions and career development structures at
national and subnational levels should be established or revised.
Countries must ensure that sufficient resources for human and
infrastructure capacity are properly budgeted for in NMCP stra-
tegic plans.
Partners are urged to include a clear component of capacity
building in all support to countries. This could include technical
or financial support for curricula development, training tailored
to vector control programme needs, mentoring and establish-
ment or enhancement of insectary or laboratory facilities as
well as support for implementation research in line with the con-
trol programme needs. A core consideration will be to promote
country ownership of activities and outcomes and to ensure sus-
tained technical vector control resources after partner sup-
port ends.
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WHOwill contribute through collaborations with countries and
their partners to devise and implement a capacity-building stra-
tegic plan, including conducting a needs assessments, developing
locally-appropriate training curricula and producing and dissem-
inating training materials. WHO may also provide training, tech-
nical advice and mentoring for optimal implementation of
appropriate control strategies. The Organization will also support
advocacy for the appropriate development of public health ento-
mology professionals.
While the recommendations outlined above may be met with
enthusiasm by those currently engaged in vector control and by
the broader malaria community, their uptake and implementa-
tion will require active and sustained commitment. This review
and the resulting recommendations were developed with signifi-
cant input from WHO Technical Expert Group. However, political
commitment will be needed in order for the appropriate strategies
and resources to be availed for translating these recommenda-
tions to action at country level. Given the many partners involved
in malaria control and elimination both at the global and national
levels, enacting these recommendations may be costly and chal-
lenging in the short-term. We are, however, confident that this
can be achieved with the concerted political commitment and
effective engagement of relevant partners, with ministries of
health driving and co-ordinating the process.
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